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CHAPTER I 
INTRODUCTION 
A review of the · u terature on testing th~ he.aring of mentally 
retarded adults (MRA) does not reveal sufficient research basis to 
verify the reliability of the measureso Considerable discrepancy 
exists in the reported incidence of hearin~ impairment among mentally 
retarded populations varying from eight to fifty-six per cent .. Inter-
and intra-test relationships need to be exvlor~d before the auditory 
and before adequate medical artd non-medical habilitation can be pro-
vided for retarded aduliis with.hearing impq.irment,. 
Statement of the Problem 
The reported higher incidence of hearirig impairment among mentally 
retarded groups mey result from any number pf possible influencing 
factors~ 
(1) Inability to comprehend directions or to respond adequately 
to unusual stimuli which maJ" result in supr~threshold rather than 
threshold resultso. 
(2) Lack of validity of the audiometric technique utilized,. 
(3) Higher incidence of central auditory pathologies and sensori~. 
neural pathologies present in mentally retarded populationso 
(4) Higher incidence of genetic and otp.er congenital anomalies 
resulting in sensori-neural an.a/or conductiv~ hearing impairmentso 
1 
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(5) Inad~qµate development of self-oare health ha.pit~ or s~ills 
producing a higher incidence of conductive impairments related to upper 
respiratory infectionso (This factor may pe offset by superior medioq1.l 
and otological attention mal'!;Y individuals re9e:i.ve in an institutional 
A critical evaluation of the cµrrent methods wp.ich are used in 
the audiologic evaluation of mentally retarded adµlt~ would seem ind.i-
cated, based upon some of the possible explanations for the differences . . . ~ 
between the indications of medically significant h~aring problems in 
mentally retarded and non-mentally retardation populations (the gen-:-
erally accepted incidence in the general population is from four to 
five per cent)o 
.A generally aq-c~:pted premise in testing non-mentallr retarded. 
subjects is that the procedure used to measure at:j.ditory acuity (includ-
ing stimulus, instructional procedure, method of response and rapport 
e$t1!3,plished with the subject) may in part dete:rniine the results 
obtainedo (Hirsh, 1952) These variables inherent in the methodologies 
used would seem con:ipound~d-when testing mentally retarded individuals ... 
Limitations of the Study 
The study is limited to an evaluatton of five audiometric methods 
used in testing the auditory function of a population parameter of 
adult mentally retarded patients at the Winfield St~te Hospital and 
Training Center. (WSH&TC) 1 Winfield, Kansas., Both inter- and intra-
test results are reported and interpretedo 
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Purpose- of the-Study 
This study has two main purposesi ·The -f'irst ·i-s···to .compare the 
intra-method reliability of various speech ~nd pure-tone audiometric 
techniques when utilized with mentl:l,lly retarded adults. The second 
is to compare the mean thresholds obtained using various speech and 
pure-tone audiometric techniques with mentally retarded adultso The 
speeifio questi.ons posed are: 
(1) When testing institu~ionalized mentall~ retarded adults, 
what are the intra-test (test-retest) reliabilities for: standard 
pure~tone (hand raising)j Bekesy pure-~one stimuli (stapedius reflex 
relative threshold mea.sur,ment), speech reception test (say the word), 
speech ~eception test (point to the picture)? 
(2) Does a statistically significant difference exist between the 
auditory thresholds obtained from different trials of various pure-
tone tests (standard, Bekesy, and Acoustic I~pedance) a.nd speech tests 
(say the word and poi~t to the picture) when they are utilized with 
institutionalized mentally re\a±qed a~ults? 
{3) Do statistically significant differences exist between 
various pure-tone thresholds (standard pure-tone, Bekesy pure-tone, 
Acoustic Impedance measurement pure-tone) and the two speech reception 
thresholds op"tained from institutionalized mentally retarded adults? 
(4) Does a statistically significant difference exist between 
the auditory thresholds obtained from institutionalized mentally 
retarded adults when various pure-tone tests (standard, Bekesy, and 
Acoustic Impedance) and speech tests (sc;IJT the word and point to the 
picture) are used? 
The f o11owing terms are defined on a functional basis~ 
Acoustic Imped~ Measurement - measurement of the relative 
change in resistance of the middle ear mechanism {'u.sed frequently 
in connectio;n with changes of resistance resulting from the muscle 
contracti.on following elicitation of the acoustic reflex) o 
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~z .Audi.£!Petr;y_ -· an audiometric technique which utilizes sub-
ject i::lontrol of stimulus intensity o 
Conventional Pure-Tone !!ii:!iomet:i,x (~ Raising) - an audiometric 
method in which the subject responds to the presentation of a pure-
tone auditory stimulus by raising one haxido 
Decibel (dB) - a unit of sound intensity measurement. - - . 
Hertz (;tg) - a measurement of sound frequency in terms of cycles 
§peech ~ Test - ~n auditory test utilizing speech stimuli 
to determine a subject 0 s hearing threshold for speech. 
Sponj.ee ~ - two syllable words of equal syllabic stress fre-
quently used :i.n the administration of speech reception tests. 
CHAPTER II 
REVIEW OF THE LITERATURE 
Technical Background 
As early as 1951 9 Birch and Matthews reported an audiometric 
survey of a mentally retarded populationo Mentally retarded children 
were reported to have a significantly higher incidence (55o5%) of h~ar-
i:pg impairment than found in non-mentally retarded children. Since 
1951, several additional studies which reported the incidence of hear-
ing loss in MR populations (Bradleyi Evans, and Worthington, 1955; 
Foale and Patterson, 1954; Gaines, 1961; Johnson and Farrell, 1954; 
Kodman, Powers, Phillip, and Welleri 1958; LaCrosse and Bidlake, 1964; 
Pantelakos, 1963; Rigrodski, Prunty, and Glovsky, 1961; Rittmanic, 
1959; Schlanger, 1953; Schlanger, 1957, Schlanger, 1961; Schlanger and 
Christenson, 1964; Schlanger and Gottselbeni 1956; Siegenthaler and 
Krzywicki, 1959; Webb 1 Kinde, We"ber and Beedel, 1964; Lloyd and Mel-
rose, 1966~ Barber, 1967)0 
The result of these studies suggested an incidence of hearing loss 
(excluding "untestable" individuals) ranging from eight to forty-nine 
per cento One or several variables may have interacted to yield such 
a variation in peroentageso These variables may include: 
(1) Reliability and/or validity of the audiometric testing 
techniqueso 
5 
(2) Testing environmento 
(3) Level of measured intelligence (MI or IQ). 
(4) Criteria used. for determining sig'l,'lificant hearing losso 
(5) Chronological age of the subjecto 
6 
The studi.es, however 11 tend to reinforce the conclusions of Birch and 
Matthews that the incidence of hearing loss is higher i.n mentally 
retarded individuals than in non-mentally retarded child.reno Most of 
the studies tend to deal with mentally retarded children with emphasis 
on a high number of nuntestablen children .in the populations reportedo 
Testing the Hearing of Mentally Retarded Children and Adults 
Many of the reports cited previously relating to the hearing test-
ing of mentally retarded populations were based on results using higher 
level retardateso The results were dependent upon the individual's 
ability to adequately respond to speech audiometry and/ or pure tone 
audiometric techniqu.es. Responses in speech audiometry required the 
indivi.dual to repeat the stimulus word or point to the object or pic-
ture representing the stimulus wordo Pure-tone audiometric techniques 
required one from several possible responses including raising the 
hand~ pointing to the ear in which the sound was heard, pushing a 
button which lighted lights~ and various play activities (such as 
putting toys or blocks in a container or putting rings on a peg, etco)o 
The introduction of an indirect relative auditory threshold mea-
surement based upon a reflex level of function would seem to provide 
va,lua'ble audiometric test data for this MR populationo Jepsen 9 1953, 
1955, Ew-ertsen, 1958; Klockhoff 1 1961; Moller, 1958j 1960; Terkeldsen» 
1959, 1960, 1961; and Zwislocki, 1961; have indicated the diagnostic 
7 
significance of the increased middle ear impedance resulting fro~ the 
f:ltimula.tion of the acoustic reflexo General agre.ement exists in 
studies which describe the acoustic reflex activity· as being initiated 
by pure-tones at intensities of from 70 to 90dB above auditory thres-
hold at the frequencies 500 9 1000, and 2000 Hzo 
Only a few reports have appeared in the literature (including 
unpublished theses and occasional papers) which have as their primary 
focus a study of the reliability and validity of various audiometric 
procedures used with retarded individuals (Aronson, Hind, and Irwin, 
1957; Atkinson, 1960; Bradley,~ .el, 1955; Fulton, 1962; Gaines, 19?1; 
Moss, Moss, and Tizard, 1961; Perry, 1956; Schlanger, 1961; Schlanger, 
· 1962; Schlanger and Chri.stensen, 1964; Webb, ,tl !!,, 1964). 
A review of the li tera.ture yielded several poi.nts of i.nterest and 
of applicat.ion to this study as follows~ First, few of the students 
were concerned with the incidence of and procedures having direct 
utility in testing mentally retarded adults. Second, various audio-
metric procedures have yielded varying results in testing mentally 
retarded popu,lations. Third 9 within the limits of the studies citing 
high variability in incidence, there was a general agreement that a 
higher incidence of hearing loss was present among mentally retarded 
individuals than was found among non-mentally retarded individualso 
Fourth~ a need exists for intra- and inter-test reliability data on 
mentally retarded individuals utilizing selected auditory test proce-
dureso The procedure of obtaining a relative pure-tone auditory 
threshold through an involuntary response pattern provides additional 
data which may reflect a reliable threshold measure and correspond 
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to results obtained using previously reported techniqueso The use of 
this procedure with mentally retarded populations has not been reported 
in the literature, although Lamb and Peterson (1967) suggest the 
possible application of this procedure in assessing hearing function 
of mentally retarded individualsQ 
A limited number of studies have been repo:rted in the literature 
(including occasional papers and unpublished theses) which have been 
primarily focused on a comparison of correlating various audiometric 
procedures used in testing mentally retarded individuals (Atkinson, 
1960; Barber, 1967; Bradley, fil .§:!, 1955; Fulton, 1962, 1966; Gaines, 
19pl; Irwin~ Hind, and Aronson, 1957; Kodman, Fein, and Mixon, 1959; 
MacPherson, 1960; Moss, Moss, and Tizard, 1961; Perry, 1956; Schlanger, 
1961, 1962; Schlanger and Christenson, 1964; Webb, et al, 1964; Wolfe 
and MacPhersonj 1963) o 
Atkinson (1960 9 PPo 2, 15, 16) described a procedure in pure-tone 
audiometry which involved an avoidance response in the "eye puff test" 
in which the subject could avoid a puff of air in his eye by closing 
his eye as soon as he heard the toneo He also described a four-choice 
forced choice test which involved the subject pressing a switch by the 
light where the tone is heard in a one from four light patterno Sta-
tistical significance of the ·relationships between the various tests 
was not reported. However, the data. presented seemed to indicate that 
the eye pu.ff, four-choice forced choice, and standard tests were in 
general agreement, while the reported Bekesy test results indicated 
poorer thresholds than. the other three testso (Th~ Bekesy type audio-
metric test represents a technique in which the subject controls 
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auditory stimulus intensity~) Of the four measures, the standard 
hand raising technique was the most effective in applicability in teat-
ing most of the mentally retarded childreno 
Barber (1967) reports significantiy reli~ble pure-tone test 
:x·esul ts utilizing test-retest methods i.n testing a population para-
mater of mentally retarded children from Dixon (Illinois) State Schoolo 
Although the study is primarily concerned with -placement of the bone 
conduction oscillator placement, the test-retest results indicated 
significant reliability in the administration of pure-tone audiometric 
tests with nine through thirteen-year-old mentally retarded boys, 
(Essentially the same instructions and hand raising responses are used 
in both conventional air conduction and bone conduction pure-tone 
testingo) 
B:radley 9 ~ al, (1955) reported test-retest variation data; how-
ever, their findings cannot be considered significant as either inter-
or intra-method comparisons because of the inter-method and intra-
method. cross contaminationo This contamination resulted from the 
almost identical instructions used for both the ear-choice and standard 
method and from the systematic administration of the standard method 
first to the subjectso This test sequence provided the possibility 
of the standard procedure serving as a "practice session" for the ear-
choice techniqueo 
Perry (1956) compared the obtained threshold of 51 mentally 
retarded children ranging in age from eight to four years to fourteen 
to five yea.rs, with a. mean CA of eleven to five years and ranging in 
IQ from thirty to seventy with a mean IQ of 5lo7 using what she 
described as a conventional and a modified techniqueo The conventional 
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method was a standard hand raising techniqueo The modified technique 
used a hand raising response also, but it added the visual stimul~tion 
of a toy object as an attention holding deviceo Toy objects were 
paired with test signals of 500, 1000, 2000 and 4000 Hz, respectivelyo 
In summary, the difference between the two methods varied with fre-
quency and the difference between the two methods failed to be signifi-
cant at 4000 Hzo Perry did, however, demonstrate a difference between 
the ·two methods described, but did not present any inter-method 
correlational informationo 
Gaines (1961) described a comparison of a conventional audiometric 
with a technique utilizing an instrumental conditioning audiometric 
technique called the "Train test," which was used as both a screening 
test and as a threshold testo These tests were administered to 92 
i~stitutionalized retarded children between the i:i.ges of eight and 
eighteen and ranging in IQ from 50 to 800 This study found differences 
between the two methods investigated, but data concerning intra-test 
reliability were not presentedo 
The results of studies reported by Atkinson (1960), Perry (1956) 1 
along with the findings of Gaines (1961) tend to indicate that, in 
testing a given mentally retarded.child, different audiometric techni-
ques produce different threshold.so 
Several of the test comparison studies (Irwin, et §1, 1957; 
Kodmanv ~ al, 1959; MacPherson 1 1960; Moss,~ al, 1961; Schlanger, 
1961; Fulton, 1962; Webbw ~ al, 1964) used gal:va.riic skin response 
(GSR) audiometryo The data presented in these studies indicated that 
GSR audiometry was no more effective than the more conventional audio-
metry with mentally retarded childreno 
Four of the studies cited (Barber, 1967; Bradley,~ al, 1955; 
Fulton, 1962; and Schlanger, 1961) reported reliability data, but only 
one of the above cited. studies (Fulton, 1962) presented clearly intr~-
method datao (Lloyd and Melrose, 1966, presented clear inter-method 
and intra-method data with insti tutiona.lized ~1entally retarded 
child.reno) McPherson (1960) presented some test~retest (pre-test 
and post-test) data, but he did not report test-retest reliability 
because his investigation was not designed as an intra-test reliability 
test. Lloyd and Melrose (1966) cite findings wnich indicate play 
techniques in pure-tone audiometry represented t4e most stable pure-
tone methodo Moderately high correlations were obtained between the 
four pure-to11e and two speech audiometric techniques reported in test-
ing mentally retarde~ children. 
Summary of Litel"ature 
The investigations described a.bov~ sugges't-ed that some audiometric 
techniques were frequently more successful than others in attempting 
to obtain audiometric data on mentally retarded child.reno It mey be 
also noted that some techniques were successful with some retard.ates 
but not with otherso The use of acoustic impedance measurements to 
obtain relative threshold measurements has been suggested as having 
application with retardateso However, no investigations utilizing 
this techniqu.e in combination with other technqiues have been reportedo 
In view of the differences in the results of the cited studies concern-
ing the appli.cability of various methods of administering pure-tone 
and speech audiometric tests and also in view of the fact that most of 
the reported studies utilized mentally retarded children, it seemed 
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tha.t there was a need to investigate the relationship between obtaiµed 
thresholds of various pure-tone and speech techniques with mentally 
retarded adultso It was also felt that the inclusion of acoustic 
impedance measurements and Bekesy pure-tone measu:i;"ements in the pure-
tone aud:iometric teohnic:rues were justified to further investigate the 
appropriateness of these techniques wi.th mentally retarded adul tso 
The review of the literature revealed several points of signifi-
canceo First, no reported utilization of acoustic impedance measure-
ments which yield relative pure-tone thresholds was reported in testing 
mentally retarded populationso Second, the investigations reported 
generally utilized populations made up of mentally retarded children 
rather than mentall retarded adultso Third, there were a limited num-
ber of investigations which reported inter- and intra-method relia-
bility data on auditory measurement techniques used with retardateso 
Fourth, within the limits of the varying results reported in the inci-
dence of hearing loss among mentally retarded children, there seems to 
be a higher incidence of hearing loss among mentally retarded children, 
there seems to be a higher incidence of hearing loss am,ong mentally 
retarded children than among non-mentally retarded child.reno Fifth, 
there is a need for inter- and intra-audiometric test technique 
reliability data gathered from mentally retarded adultso 
CHAPTER III 
METHODS AND PROCEDURES 
Instrumentation and Materials 
All tests were administered in an acoustically treated audit9ry 
testing roo~ (IAC Model 402) within the WS~&TC Speech and Hearing 
Department o 
The pure ..... tone stimu,li (500, 1000 1 and 2000 Hz) were produced and 
qontrolled by a Tracor Rudmose (Model ARJ 5) audiometero All pure-
tone stimuli were presented as pulse-tone stimuli at two pulses per 
second in both conventional and Bekesy pure-tone testing to provide 
for stimulus similarity (calibrated to IS0-1964 reference level)o The 
attenuation rat$ of the Bekesy pure-tone test stimuli was 2o5dB per 
secondo The speech stimuli were presented live voice by an experienced 
audiologist ¥ho habitually used the General .American Dialect using an 
Electro-voice (Model 650) microphone and Grason-Stadler (Model 162) 
Speech audiometero The stimulus words were presented with a peak 
response of all stimulus words within± lo5dB of the VU meter of the 
Grason-Stadler Speech Audiometero The speech stimuli presented for 
the verbal response test consisted of four lists of familiar spondaic 
words used in the Collaborative Study of Cerebral Palsy, Mental Retar-
#> 
datiQnj and other Neurological and Sensory Disorders of Infancy and 
Childhood Speech~ Language and Hearing Examination (National Institutes 
1.3 
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of Healthj U~ So Public Health Service, [CODP] which is administered 
to children at about age three years [CA])o (See Appendix I) The 
words were presented with an interval of at lE;!la.st five seconds betwee;q. 
wordso The speech stimuli presented for the piatµre pointing or no~-
ver·bal response consisted of four lists of f~iliar sponda.ic words,, 
The pictures were presented in a spread of six pictures. The words 
and pictures were also from the CCDP Hearing Examinationo The words 
were presented with an interval of at least seven seconds between 
wordso Pictu.res were used which could be identified by most three-
year-old non-mentally retarded c:P.ildren,, A Mad.sen Acoustic Impedance. 
Meter (Model ZO 61) was for the acoustic impe~ance measurements 
(calibrated to the ISO 1964 reference level). 
The audiologist remained in the test room while giving the 
instructions to the subjects and while de!llonstrating the appropriate 
responseo The testing was conducted with the audiologist in the 
adjaqent room but with constant contact with the subject through the 
window and the two-way communication system which connects the rooms, 
for all tests except the acoustic imped.a.nee testo During the adminis-
tration of this test, the a.udiologist was in the test room·with the 
subject,, 
At the beginning of and during the period covered by the study 
the audiometers were periodically calibrated acoustically with an 
artificial ear (Bruel and Kjaerg artificial ear--Model 4152 with a 
DB 0162 9 600 coupler) and sound pressure level meter (Bruel and Kjaerg 
Sound Pressure Level Meter Model 2203 with a condenser microphone~ 
Model 4132~ 1-inch/press-u.re)~ 
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Selection of the Subjects 
Forty mentally retarded adults (MRA) from WSH&TC between the 
chronological ages of 21 and 36 years with measured intelligence levels 
(MI) of -2 or·-3 were to be selected for this investigation¢ (MI 
level -·2 includes WAIS IQ 0 s of from 55-69 while MI level -3 includes 
WAIS IQ 0 s of 40-540) The forty adults were setected f'rom the MI 
levels -2 and -3 of the normal hearing adults. 
For the purpose of this study the term "normal hearing adults", 
is defined as adults passing a bilateral 20d.B (ISO 1964) air conduction 
screening test for the octave frequencies 250·Hz through 4000 Hz, hav-
ing no otoscopically observable ear pathology, and having no history 
of a hearing impai~ento 
Administration of Tests 
Auditory thresholds for conventional pure-tone and both speech 
procedures were obtained by using a combined descending and ascending 
technique utilized by Carhart, 1946, and by Jerger, Carhart, Tillman 
and Petersoni 1959» using 5d.B stepso Since the Grason-Stadler speech 
audiometer (Model 162) has attenuators graduated in 2d.B steps, the 
speech thresholds were determined by using alternating 4d.B and 6d.B 
steps; but for the purpose of this investigation, the speech thres-
holds will be considered as though they were determined by 5d.B stepso 
For speech audiometry attenuator settings of 36, 30 9 26, 20, 16, 10 7 
6, 9, -4, and -lOd.B were considered~ 35, 30, 25, 20, 15, 10, 5, O, 
~5, and -lOd.B, respectivelyo 
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Thresholds are defined as the lowest intensity at which the sub-
ject respon4ed appropriately to 50 per cent of the st:j.muli presented. 
A minimum of three responses to six presentations was necessary to meet 
the es'ta,bUshed cri teriona ~e :Bekesy :p1;1.re-tone method utilized a 
"method of adjustment" technique in obtaining audit.ory threshold 
measurement in which the subject adjusted the attenuator and stimulus 
intensityo 
Each subject was seen for two testing sessions and was given each 
of the following threshold tests during each session in the order in 
which the methods are listed. Prior to each testing session, each 
adult received an otosoopic screening examination of both ears as a 
check against hearing fluctuations related to temporary conductive 
hearing impairments due to accumulated Cerumen or foreign objects in 
; 
the external ear ca.nalo Lloyd and Melrose (1966) indicated no signifi-
cant difference between various sequences of test administration. 
The order of test presentation was as follows: 
Aa Pure-tone air conduction, (conventional hand raising), pulse 
tone 2 pulses per second, frequencies tested 500, 1000, 2000 Hz., 
Bo Pure-tone air conductional Bekesy, pulse tone 2 pulses per 
secondj 2.5dB per second attenuation rate frequencies tested 500, 
1000, 2000 Hz. 
Ca Speech Reception Test (verbal r~sponse) sa;r the worda 
Do Speech Reception Test (non-verbal response) point to the 
pictureo 
Eo Acoustic Impedance Me~surement (:relative threshold)o 
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The administration of the second ~equence of tests followed the 
first sequence at intervals of no less than two weeks or greater than 
four weekso 
The procedure involved in the administration of conventional 
pure-tone air conduction tests with the subjects were as follows: 
lo Instructions were presented to the subject by the examiner 
in the test roomo The instructions involved asking the subject to 
raise his hand when he heard the beeping soundo Verbal instructions 
were frequently reinforced by auditory cues and by gestural reinforce-
mento 
2. Pure-tone stimuli were presented in primarily a descending 
order starting at a hearing level of approximately 30d.B (re: 1964 ISO 
reference leve1) o. 
3o A threshold criterion of the least intensity level at which 
three responses to a sequence of five stimulus tone presentations was 
obtained, established the level of hearing for any frequencyo 
4o The intensity of test tones was diminished in steps of ten 
and five dB until the subject responses met the criterion for auditory 
threshold at each test frequency (criterion: three positive responses 
to five stimulus tone presentations)o 
The procedures involved in the administration of the Bekesy 
pure-tone test to the subjects were as followsg 
lo Instructions were presented to the subject by the examiner 
in the test roomo The instructions involved asking the subject to 
press the button when he heard the beeping sound and take his thumb 
off the button as soon as the beeping sound went awayo Verbal instruc-
tions were frequently followed by a de~onstration and trial sessiono 
lf) 
No time limit was allottedo However, seldom more than three trials 
were utilizedo 
2o Pure-tone stimuli were· presented at discrete frequency inter-
vals of 500, 1000, and 2000 Hz, with intensity ranging from -lOdB to 
90dB (reg 1964 ISO reference level) until the button was depres1;;1ed 
by the subjects The subject controlled stimulus intensity which 
.. increased tracings of stimulus intens.i ty varia~ions for each of the 
three test frequencies were automatically recorded graphicallyo The~e 
tracings were evaluated for threshold determination bY, averaging the 
mid-:-points of the excursions. 
The procedures utilized in the administration of both the verbal 
response and the'non-verbal response sp~ech reception tests were the 
same with the exception of the mode of response. The general proce-
dures were as follows: 
.lo The subject was requested to say the word he heard. The sub-
ject was informed that the words would become softer and softer and 
that he wa,s to say the words as long as he thou~ht he heard the word. 
The threshold criterion for hearing lev~l (reference leveli normal 
speech reception threshold) was the least intensity level at which 
three of five words were repeated corr~ctly. 
2o The subject was requested to point to the picture on the page 
of six pictures when he heard the name for the picture a.n'd to turn the 
page as requested.o The threshold criterion f'or hearing level was the 
lowest intensity level at which three of five of the names of pictures 
were correctly identified. 
The procedures in the administration of the acoustic impedance 
meter test to the subjects were as follows~ 
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lo The su.bject was informed he would hear some sounds in one ear 
and that he was only to listen to the sounds. 
2. The earphone through which the stimulus tone was presented 
was placed on the ear under test while the acoustic probe was inserted 
in the Contra-lateral ear canal. 
3. The seal of the cavity produced by the insertion of the probe 
into the cutter ear canal was tested by air pressure and a stable 
vacuum/pressure gauge reading . 
4. The meter was then adjusted for maximum sensitivity and for 
a null reading. 
5. The pure-tone stimuli were presented to the ear under test in 
one to two second duration presentations. The criterion for relative 
acoustic impedance threshold was the least intensity level which pro-
duced a meter deflection of 20 points or more on the meter scale from 
the ITQll position. 
All test s were conducted following adequate orientation and suffi-
cient informal conversation to establish rapport with the subject , 
without varying fro::n a standard presentation of instructions to each 
subject. 
Treatment of Data 
The hearing sensitivity level thresholds of a subject for each 
trial obtained through the use of each procedure were recorded on an 
individual data sheet as found in Appendix I. The data for subjects 
were subsequently subjected to analyses of variance and correlational 
treatmentso Most of the statistical analyses were done on a Monroe 
Epic (Model 2000) Calculator. 
20 
The null hypothesis may be stated as followsi "No si.gnificant 
difference exists between the pre-test nor post-test obtained auditory 
thresholds and no significant difference exists between the auditory 
thresholds obtained by the various audiometric procedureso" 
(H0 : fl 1 = fl 2) The hypothesis will be tested at the oOl level of 
oonfidenceo 
The alternate hypothesis may be stated as follows: "A significant 
difference exists between the pre-test and post~test obtained auditory 
thresholds and no significant difference exists between.the auditory 
thresholds obtained by the various ~udiometric procedureso" 
CHAPTER IV 
RESULTS 
The study was developed to compare first intra-method reliability 
of various speech and pure~tone audiometric techniques and secondly, 
mean thresholds obtained using two speech and pure-tone audiometric 
techniques. This chapter is divided into two sections, first section 
considering pure-tone and speech test» intra-test reliability and the 
second section considering inter-test relationshipso 
Intra-method Considerations 
The following two questions were cited relating to intra-method 
or test-retest comparisonsg 
(1) When testing institutionalized mentally retarded adults, 
what are the intra-test (test-retest) reliabilities for: stand.a.rd 
pure-tone (hand raising), Bekesy pure-tone~ Acoustic Impedance Measure-
ment in response to pure-tone stimuli (stapedius reflex relative 
threshold measurement), speech reception test (saJ' the word), and 
speech reception test (point to the picture)? 
(2) Does a statistically significant difference exist between the 
auditory thresholds obtained from different trials of various pure-
tone tests (stand.ard9 Bekesy 1 and Acoustic Impedance) and speech tests 
(saJT the word and point to the picture) when they are utilized with 
institutionalized mentally retarded adults? 
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Three frequencies were tested in each of the .three pure-tone 
test sequences (500, 1000, and 2000 Hz) and a pure-tone average ,(PTA) 
was obtained from ~he three frequencies tested for each t:rialo . Four 
measures were.obtained for each pure-tone method, during each trialo 
One speech threshold measure was obtained from the 40 subjects for 
each of the two speech methods for each of the two trialso (See 
Appendix III) 
Table I presents the test-retest Pearson product-Moment 
coefficient reliabilities of each of the pure-tone techniques for each 
of the three frequencies testedo Table I also presents the test-
retest reliabilities for the two speech techniqueso 
Inspection of the reliability coefficients in Table I sug~ests 
the highest test-retest reliability (o 782) was calculated for ~ethod 1, 
at the 1000 Hz frequencyo The lowest reliability (0634) was c~lculated 
for the Method 4a~ The means and standard deviations for both trials 
are presented in Table IIo 
An examination of the means and standard deviations for the three 
frequency averages Hz of the pure-tone method and the speech map.Sures . 
yields the following observations; 
(1) The test-retest means fall within a:!:: 2.5dB range which is 
withln the generally accepted test-retest range in clinical andrologyo 
(2) 'L'h.e standard deviations for each of the test distributions 
for Trials I and II fall within a± 7o25dB rangeo 
Table III presents the critical difference between the two trials 
for the various pure-tone audiometric procedures at each frequencyo 
The difference in dB between trials of these measures, along wi~h the 
TABLE I 




500 Hz 1000 Hz 2000 Hz .§!!! 
lo Conventional Pure-Tone 
Hand Raising 07531 07817 .7409 
2 .. Pure-Tone Bekesy 07622 07249 07714 
3o Pure-Tone Impedance 
Meter 0 7511 .6947 .7080 
4ao Speech .... Say the Word· 0 759 
4bo Speech - Point to the 
Picture .634 
To be significantly different from a zero correlation at the 
.,01 level of confidence, the r must be larger than .403. 
critical differences in dB required·for statistical significance 
(p = 001) may be noted in Table IIIo 
It may be observed that the.pure-tone measures we~e generally 
higher (poorer) on the first trial than the second trial with the 
exception of the impedance meter (3) measure. The speech methodj say 
the word 1 was slightly higher (poorer) on t4e first trial than on the 
second trial while the point to the picture (4b) method was slightly 
higher (poorer) on the second trialo 
A three-way analysis of variance was performed with variable 1, 
frequency; variable 2, audiometric method; and variable 39 trialso The 







MEANS AND STANDARD DEVIATIONS FOR PURE-TONE 
TECHNIQUES AVERAGE Hz AND SPEECH 
TECHNIQUES 4a AND 4b 
Trial I Trial 
M 0-- M 
Conventional Pure-Tone 
Hand Raising l.358 5.254 .500 
Pure-Tone Bekesy 20345 60568 20205 
Pure-Tone Impedance 
Meter 60248 6.247 60874 -
Speech - Say the Word -L875 60198 -2.000 
Speech - Point to the 









The only significant f-tests ~re for frequency (Hz). The -main 
effects may be described as followsi 1) That the overall trend in the 
' 
three frequencies differs from chance. 2) That the overall trend of 
the differences between the three audiometric methods differ from 
chanoeo It may be further noted that no significant difference exists 
between t:z:.ialso. NQ sigri.ificant 2 or 3 way interactions existo 
The means obtained for each frequency {Hz) by each of the three 
pure-tone procedures on Trial I and Trial II are included in Table Vo 
An inspection of Table Vindicates quite clearly that no significant 
difference exists between method and trials on pure-tone Methods 1, 
2, or 3 or Trials I or II at any frequencyo 
In summary, Method 1, the conventional pure-tone hand'raising, of 
the five methods used, seems to be the most constantly reliable measure 
TABLE III 
TABLE OF CRITICAL DIFFERENCES BETWEEN TRIALS 
FOR THE VARIOUS PURE-TONE AUDIOMETRIC 
PROCEDURES 
Trial I Trial I Trial I 
200 Hz· 1000 Hz 2000 Hz 
1-2 = 20125 1-2 = 0750 1-2 =· .875 
* * 1-3 = 60250 1-3 = 50250 1-3 = 40000 
* * .· 2-3 = 50375 2-3 = 30125 2-3 = 30250 
Trial II Trial II Trial II 
!200 Hz 1000 Hz 2000 Hz 
1-2 = L500 1-2 = LOOO l-2 = 2 .. 250 





* 2-3 i:: 40500 2-3 = 50375 2-3 = 40125' 
* p £.:.·· .;01 (required value 3002) - ' 
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of the auditory sens± tivi ty level of a selected f ~wp of·:·· in:s:ti't,g.~· ::-- .; .,. ;' 
~ . . . . .. • . :'. I , .". ' ,', ' . , 'I . : 
tionalized mentally retarded adultso The Speech Method 4:b., point to 
the -picture, seems to be the least<reliability of :tJ;1e five methodso 
' ' 
No significant value was found to exist between.Trials I and II for 
any of the five audiometric methods used in testing institutionalized 
mentally retarded adult patients .. 
Inter-Method Considerations 
The following tw0 questions were posed relative to inter-method 
analyses~· 
(1) Do statistically significant differences exist between various 
pure-tone thresholds (standard pure-tone, Bekesy pure-tone, Acoustic 
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TABLE IV 
SUMMARY OF THE TH~ WAY ANALYSIS OF VARIANCE 
FOR THE THREE ;E'URE-TONE PROCEDURES, 
.THREE FREQUENCIES AND TWO TRIALS 
Source SS df MS 
Frequency H (H) 1,150020 2 575.10 z 
Audiometric Procedure (A) 4,240.80 2 2,120.40 
Trial (T) 004 1 .04 
HxA 41.50 4 10~38 
HxT 33.,90 2 16.95 
A x'T 37.00 2 18.50 
HxAx T 73.20 4 18.30 
Within 36,090.60 702 51.,41 
Total 4i,667.20 719 
* .· 









Impedance Measurement pure-tone) and the two speech reception thres-
holds obtained from institutionalized mentally retarded adults? 
(2) Does a statistically significant difference exist between 
the aud.i tory thre$ho.lds obtained from insti tutiona.li.zed mentally 
retarded adults when various pure-~one tests (stcµidard, Bekesy, and 
Acoustic Impedance) and speech tests (say the word and point to the 
picture) are used? 
An examination of Table III suggests that Method 3, pure-tone 
acoustic impedance, is consistently different from the other two pure-
tone methods. Examination of Table II suggests that hearing sensi-
tivity levels obta~ned by the two speech procedures, 4a, sa;y the word, 
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TABLE V 
MEANS .AND STANDARD DEVIATIONS FOR ORIGINAL DATA MATRIX 
Trial I 
500 Hz 1000 Hz 2000 Hz Ayera5.~--
M er- M 0- M c,-' M ~ 
1. Conventional 
Pure-Tone 
Hand Raising 2.625 6.421 1.000 6.633 -0.375 6.744 L083 6.714 
2. Pure-Tone 
Bekesy 4. 750 6. 704 10750 8.555 0.500 7.399 2.333 7.798 
3. Pure-Tone 
Impedance 
Meter 7.875 8.207 5.000 6.021 5.875 7.149 6.250 7.282 
- --· -
Average of the 
Three.Methods -- 5.083 7.471 2.580 7°359 2.000 7.621 3.222 7.603 
Trial II 
200 Hz 1000 Hz 2000 Hz Averag_e-
M er- M c:,- M CJ' M =--
L Conventional 
Pure-Tone 
Hand Raising 2.250 G.OlG .750 5.761 L125 5.418 .625 50401 
2. Pure--Tone 
Bekesy 3.750 7.644 1.750 7.790 1.125 7.785 2.208 7.821 
3o Pure-Tone 
Impedance 
Meter 80250 7.700 7 .125 7.322 50250 7.241 6.875 7 .529 
-- ---
Average of the 
Three Methods -- 4.750 7.606 30208 70550 1.750 7.,378 3.229 7.607 
and 4b~ point to the picture, yielded consistently lower (better) 
threshold measures than the pure-tone methods. 
In examining the summary of the three-wa;;r analysis of variance 




SUMMARY OF THE ANALYSIS.OF VARlANCE PERFORMED 
FOR COMBINATIONS OF EACH PURE-TONE 
AND SPEECH-THRESHOLD MEASURES 
FOR TWO TRIALS 
df SS MS F 
Method 1, Oonvent·:i:on~l Pure ... Tone Hand Raising and Method 4a, Speech -
Say the·Word 
Audio Test (A) 
Audio Trial (T) 




















Method l, Conventional Pure-Tone Hand Raising and Method 4b-; Speech -
Point to the Picture 
Audio Test (A) 1 
Audio Trial (T) 1 
Audio A·x T 1 














Method 2~ Pure-Tone Bekesy and Method 4a 1 Speech - Say the Word 
· Audio Test (A) 1 709.8063 709.8063 16.4698 
Audio Trial (T) 1 o. 7023 O. 7023 ,;0162 
Audio A x T 1 .0022 .0022 .0000 
Within (error) 122. 6 ,723. 6 530 43. 0972 
TOTAL 159 7,434.1638 
Method 2, Pure-Tone Bekesy and Method 4b, Point to the Picture 
1,696.5063 11696.5063 44.9639 
15.2523 15_._2523 0.4042 
* 
* 
* Audio Test (A) 
Audio Trial (T) 




1 22.,9522 22.9522 0.6083 · .. 
156 5,885.,9530 · 37" 7304 
TOTAL 159 
* p !:,_ .,01 
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TABLE·VI (Continued) 
Source df SS MS F 
Me·thod 3 , Pure-Tone 
Audio Test (A) 
Audio Trial (T) 
Audio Ax T 
Within (error) 
















Method 3, Pure-Tone Impedance 'Meter and Method 4b, $peech -·Point to 
the.Picture 
* 
(A) 4,66304403 4,663 .. 4403 71.2366 * Audio Test· l 
Audio Trial (T) 1 4000000 40.0000 o .. 6no 
Audio Ax T 1 5.6250 506250 0 .. 0859 
Within (error) 156 10 1212.3228 
TOTAL 159 14, 921 .4651 
Method 4a 1 Speech - Say the Word and Method 4b, Speech - Point to the 
Picture 
Audio Test (A) 
Audio Trial (T) 






















analysis, the first indication suggests that the overall trend i~ the 
three frequencies differs from chanceo The second effect suggests that 
the overall trend of the difference between t.he three audiometric 
methods differs from chance. No significant 2 or 3 wa;y interactions 
are noted when all combinations of differences between means for methods 
for the three frequency levels and the two trials are considered. 
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The trend noted in Table VI suggests that the pure-tone acoustic 
impedance Method 3 is consistently different from the other two pure-
tone and the two speech methodso It ma;y also be noted that no signifi-
cant difference exists between the two speech methods, sa;y the word, 
4a~ and point to the picture, 4b. The two speech methods are observed 
to differ consistently from the pure-tone methods. 
In summary, it ma;y be noted that these findings are consistent 
with the findings of Schlanger (1961) who found that Speech Reception 
Thresholq. test results were better (lower) than Pure-Tone averageso 
These findings are not consistent with the findings of Lloyd and Melrose 
(1966). The observed findings, that no significant difference exists 
between the two speech reception test methods, do not agree with the 
findings of Lloyd and Melrose (1966), who reported a significant 
difference between: the two speech methodsj but do agree with the find-
i·ngs of Lloyd and Ried (1967) who reported no stgnificant differ~nce 
between the two speech procedures with mentally retarded children., 
CHAPTER V 
INTERPRETATION OF RESULTS 
Summary 
This invest,igc1,tion. ev_aluated the intra-test i9r11-d_ intra-test 
relationship o:( three pure-tone and two speech audiometry i;E?-chniques 
employed in testing the hearing sensi ti vi ty levels .. of. forty normal 
hearing, mentally retarded adults. Forty mentally retarded adults (lVIRA) 
from WSH&I'C ·between the chronological ages of 21 an¢i. 36-·ye'ars with 
J . 
m(;lasuredintelligence levels (MI) of -2 or -3 were to be selected for 
this investigationo (MI level -2 includes WAIS IQ'1:3 of from 55-69 
while MI level -3 includes WAIS IQ's of 40-540) The forty adults were 
selected from the MI levels -2 and -3 of the normal hearing adults. 
Hearing sensitivity levels (pure-tone. thresholds) for frequencies 
500 Hz, 100~ Hz, 2000 Hz, and pure-tone averages were obtained by three 
methods: 1) Pure-tone conventional, hand raising; 2) Pure-tone, Bekesy; 
3 ) .. Pu~e-tone, Acoustic Impedance Meter o Speech reception thresholds 
were determined by two methodsg 4a, S<\f the Word and 4b, Point to the 
Pictureo The methods were administered in the same sequence during each 
testing session., The first and second test sequences (Trial I and II) 
were separated by an interval of at least two weekso ·A total of five 
audiometric methods made up each of the two trials. Data obtained were 
subjected to a~propriate correlations and .analysis of variance. statisti-
cal analyses. Intra- and inter-method procedures were also compared 
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using the.:!: 5d.B basis f~r comparison, which is a generally accepted 
test-retest and inter-test agreement in clinical audiology (Witting 
and Hughson, 1940 and Hirsh, 1952)0 
Conclusions 
The following .conclusions seem.ed appropriate within the limits 
of the population sampled and the audiometric methods desoribed: 
lo The three pure-tone and the two speech audiome.t.ri.c methods 
proved to be reliable as clinical methods of testing th~ hearing sen-
sitivity levels of mentally retarded adults considering the-'+ 5d.B 
clinically acceptable test-retest differences. 
' • 1 • . 
2o The conventional (hand raising) method seemed to be the most 
reliable of the three pure;..tone and two speech methodso 
3.o The ~peeoh ·method, say the word, appeared to be the most 
reliable of the.two.speech methods. 
4o The relative thresholds obtained from the acoustic· impedance 
methods differed consistently from the other pure-tone ·methods .. The 
·use of a con.version increment of 85 decibels rather than 80 decibels 
as reported in the literature 7 for representative samples of normal 
populations, would appear to yield results which correspond closely to 
the other two pure-tone methodso 
5o There aj;>pea:red.to be no significant difference between the 
means obtained from the first two pure-tone methods (conventional and 
Bekesy)., 
60 The high degree of reliability found for t4e initial test of 
all of the methods would tend to suggest t.hat routine use of clinical 
:retest sequences, in test;ng comparable MI levels II and III mentally 
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retarded adults (see Appendix II) should be reconsidered since the 
retest results tend to agree with initial test results for all five 
methodso 
7o The frequency 1000 Hz, was found to have the highest test-
retest relia.bil'i ty for the conventional (hand :raising) ·method, the 
frequency 2000 Hz, was fou~d to have the highest test~retest relia-
bility for the Bekesy method while the frequency 500 Hz, was found to 
have the highest test-retest reliability for the acoustic impedance 
methodo 
80 The conventional (hand raising) method yielded the lowest 
(best) thresholds of the pure-tone measures while the speech method 
(point to the picture) yielded consistently lower (better) thresholds 
than the other speech (say the word) method or than any of the pure-
tone methodso 
9o No significant differences existed between the results of the 
two speech measureso 
lOo The three pu;re-tone methods and the two speech methods 
yielded results which were in agreement, when the clinical criterion 
( + or ·-5dB) is applied and when the impedance conversion increment is 
adjusted to 85 decibels from 80 decibelso 
llo Acoustic impedance measurements provide additional useful 
clinical information in evaluating the auditory function of mentally 
retarded adultso 
Suggestions foF Future Research 
Several implications are inherent in this investigation for 
further r.esearch in the. area of methods and techniques used in the 
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audiologic evaluation of mentally retarded adultso A significant sub-
sequent stu~y would involve the development of conversion norms for the 
~coustic impedance population measurement with.J?arameters of mentally 
retarded children and adult~~· It would also seem reasonable that such 
norms ma;y also pe developed, using the same instrumentation, with 
popu.la.tion parameters of individuals within the normal range of intelli-
•• i !' 
genoe and representing various chronological age grou.pi.ngs. Such a. 
stud,y could provide data concerning whether or not the conversion 
increment in acoustic impedance measurements is affected by chrono-
logical age, and ,this factor should be considered in·using a conversion 
increment., Another area of possible research would inolµ_de the use of 
the methods described in this investigation in the assessment of hear-
ing function of population parameters of hearing impaired retarded 
adults and children with hearing impairments related to various 
etiologieso 
The clinical corroborati,on of the results of this · study along with_ 
possible replications with various other clinical populations would 
also seem indicated as an area of future research" 
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LEVELS OF MEASURED INTELLIGENCE 
45 
1/ 
... ~ . .l. 
' 
... -.l 
Conv~rsio-n of LQo Scores According to Standard Deviation Values 
··---~~~~~~~~~~~~~--~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Level 
Range of Level W-B I & II 
in S.Do Units WI3C.& WAIS 
Sta11foru Binet Arthur Au.apta-
Forms L & M tion of 
Leiter 
Arthur Point Draw a 
Scale Form I Person 
Test 
·~~~~~~~~~~~~-·~~.~~~~----~~~~~~~~~~~~--~~~~~~--~~~~~~~~~~~~~--~~~~~ 
-1 -loOl to -2.00 84-70 83-68 83..:.68 83-67 77-61 
-2 -2001 to -3.00 69-55 67-52 67-52 66-50 60-48 
... .. 
-3 -3001 to -4.00 54-40 51-36 51-36 49-33 47-36 
-4 -4.01 to -5 •. 00 35-20 35-20 32-16 35-25 
-
-5 -5 .. 0 20 -· 20 16 
Consideration of the conditions under which testing occurred, special handicaps 
in the testing situationj projective test evidence concerning intelleetual efficiency or 
personality factors that might have introduced artifact into the measurement results, and 
similar-clinical judgment are also used in assigning these levelso In· cases with the 
results of two or more tests indicating different levels 1 the strongest (ioe., the more 
oomprehensive, the more va.lid, the more reliable) test is to receive more weight in assign-






AUDITORY STl:JDY: INTER-TEST 
CORRELATION DATA SHEET 
=-----
Number -and Type of Test 
.. 
lo Pure-Tone A/0 Conven-
tional Hand Raising 
(Pulse.,..2pps.) 
J 
2o Pure-Tone A/0-Bekesy 
(Pulse .... 2pps~ 5d.B per 
sec0 Attenuation Rate) 
3o Imped~nce Meter-Relative 
Thresholds (Correction 
Factor dB, Sub-
tracted from Direct Read-
ings t"o obtain Relative 
Threshold) 
4o Speech Reception Thres-
hold; 
ae Sav the Word 




Age Sex __ _ 
NR RT 
Trial Date ---- -----
[earin~ Level in dB Re: ISO l96Ll.) 
Freque'ucies Freqo Aveo (500, 
1000 & 2000Hz) & 
500Hz lOOOHz 2000Hz SRT, Re: T Normal SR, 
R L R L R L R L ., 
R L R L R L R L 
R L R L ,R L R L 







INTER-·TEST COP..P..ELATION DATA SHEET-TRIAL I 




1- 5 10 0 
2- 5 0 0 
3- 15 20 20 
4- 15 20 10 
5- 15 20 20 
6- 15 10 15 
7- 10 5 0 
8- 20 15 10 
9- 0 15 15 
10- 10 10 5 
11- 20 20 20 
12- 25 20 15 
13- 10 10 10 
14- 10 10 10 
15- 10 10 10 
16- 20 20 20 
17- 10 5 0 
18- 5 0 0 
19- 15 0 0 
20- 15 15 5 
21- 20 5 5 
22- 15 20 20 
23- 25 15 20 
24- 10 10 15 
25- 30 20 15 
26- 15 10 10 
27- 10 0 15 
28- 15 20 20 
29- 5 10 5 
30- 15 5 0 
31- 15 15 10 
32- 15 10 5 
33- 10 20 5 
34- 15 5 5 
35- 0 0 10 
36- 5 5 10 
37- 5 10 0 
38- 10 5 10 
39-. 10 10 10 
40- 10 10 10 
NOTEg A constant of 10 was added to each value to eliminate negative 
values., 
51 
INTER-TEST CORRELATION DATA SHEET~TRIAL I 
Subject 500 Hz 1000 Hz 2000 Hz 
2o Pure-Tone 
Bekesy 
l·- 15 0 0 
2- 20 15 10 
3- 15 20 30 
4- 15 20 10 
5- 20 25 30 
6- 1.5 10 10 
7- 20 15 15 
8- 20 20 10 
9- 30 10 15 
10- 15 10 15 
11·-· 20 40 20 
12- 30 20 15 
13- 10 10 10 
14~ 10 10 10 
15- 10 10 10 
16- 20 15 10 
17- 10 5 5 
18- 5 0 0 
19- 15 5 10 
20- 10 5 5 
21- 15 0 5 
22- 30 30 30 
23- 20 15 15 
24- 10 10 0 
25- 30 2.5 20 
26- 20 15 10 
27- 15 0 15 
28- 10 5 10 
29- 10 5 5 
30- 10 5 5 
31-· 10 15 5 
32- 10 5 5 
33- 10 20 5 
34- 15 10 5 
35- 5 5 10 
36- 10 5 5 
37- 5 10 0 
38- 10 5 10 
39- 10 , r. .J.V 10 
40- 10 10 10 
NOTEg A constant of 10 was added to ea.ch value to eliminate negative 
valueso 
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INTER-TEST CORRELATION DATA SHEET-TRIAL I 
) •• L " ••• " •• ~ • '•' ' • 




1- 30 10 20 
2·- 20 15 15 
3- 25 15 15 
4- 25 25 25 
5- 40 20 30 
6- 10 10 15 
7- 15 20 10 
8- 20 20 25 
9- 10 20 25 
10- 25 20 20 
11- 30 20 30 
12- 30 30 25 
13- 10 10 10 
14- 10 10 10 
15- 10 10 10 
16- 25 30 25 
17- 5 10 0 
18- 20 20 15 
19- 10 0 0 
20- 20 10 10 
21- 20 20 15 
22- 15 20 20 
23- 25 10 20 
24- 25 20 20 
25- 30 15 15 
26- 20 15 20 
27- 5 15 20 
28- 10 10 5 
29- 15 10 10 
30- 15 15 15 
31- 20 15 10 
32- 15 10 20 
33- 10 10 10 
34- 20 15 20 
35- 5 15 10 
36- 20 15 20 
37- 25 20 20 
38- 10 10 10 
39- 10 10 10 
40- 10 10 10 
NOTE: A constant of 10 was added to each value to eliminate negative 
valueso 
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Trial I Trial II 









































NOTE: A constant of 10 was added to each value to eliminate negative 
values a 
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Trial I Trial II 









































NOTE: A constant of 10 was added to each value to eliminate negative 
valueso 
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INTER-TEST CORRELATION DATA SHEET-TRIAL II 
Subject 500 Hz 1000 Hz 2000 Hz 
l~ Conven tic;m~l 
Pure-Tone 
Hand Raising 
1- 10 10 0 
2- 10 10 5 
3- 10 10 10 
4- 30 · 30 20 
5- 20 20 10 
6- 15 10 10 
7- 15 10 10 
8- ·20 10 10 
9- 0 10 15 
10- 10 10 5 
11- 15 20 10 
12- 20 2Q .15 
13- 10 10 10 
14- 10 10 10 
15- 10 10 10 
16- 10 10 5 
17- 10 5 0 
18- 0 0 0 
19- 15 0 0 
20- 15 15 5 
21- 20 10 5 
22- 20 15 15 
23- 20 15 20 
24- 10 10 15 
25- 20 20 15 
26- 10 10 10 
27- 10 5 15 
28- 15 15 20 
29- 5 10 5 
30- 15 10 5 
31- 10 10 5 
32- 15 10 5 
33- 10 15 5 
34- 10 5 5 
35- 0 0 10 
36- 10 5 10 
37- 5 5 0 
38- 10 10 10 
39- 10 10 10 
40- 10 10 10 
NOTE: A constaut of 10 was added to e~ch value to eliminate negative . -
valueso 
INTER-TEST CORRELATION DATA SHEET-TRIAL II 
Subject . .500 Hz 1000 Hz 2000 Hz 
2o Pure-Tone Bekesy 
1- 15 10 10 
2- 10 10 5 
3- 10 10 10 
4- 30 30 20 
5- 15 10 30 
6- 15 10 15 
7- 20 20 15 
8- 20 20 10 
9- 20 15 15 
10- 20 10 10 
11- 20 20 20 
12- 25 25 15 
. 13- 10 10 10 
14- 10 10 10 
15- 10 10 10 
16- 10 10 5 
17- 5 5 0 
18- 5, 0 0 
19- 15 5 10 
20- 10 15 5 
21- 20 5 5 
22- 40 40 40 
23- 25 20 25 
24- 15 10 10 
25- 20 20 20 
26- 20 15 10 
27- 10 5 15 
28-:- 10 5 10 
29- 5 10 5 
30- 10 5 5 
31- 10 15 10 
32- 10 10 5 
33-- 10 10 5 
34~ 10 10 5 
35- 0 0 10 
36- 5 5 10 
37- 5 5 0 
38- 10 5 10 
39- 10 10 10 
40- 10 10 10 
NOTE: A constant of 10 was added to each value to eliminate negative 
valueso 
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INTER-TEST CORRELATION DATA SHEET-TRIAL II 
Subject 500 Hz 1000 Hz 2000 Hz 
3o Pure-Tone Impedance 
Meter 
1- 20 25 20 
2- 20 20 25 
3- 25 20 20 
4- 35 30 35 
5- 30 35 10 
6- 20 20 25 
7- -· 20 20 10 
8- 30 20 20 
9- 20 20 20 
10-. 20 20 20 
11- 25 30 20 
12- 30 30 25 
13- 10 10 10 
14- 10 10 10 
15- 10 10 10 
16- 20 20 20 
17- 5 10 0 
18- 20 20 15 
19- 10 0 0 
20- 20 15 5 
21- 20 20 15 
22- 25 20 · 20 
23- 10 20 10 
24- 25 20 15 
25- 30 . 25 25 
26- 25 20 20 
27- 10 10 15 
28- 10 10 5 
29- 10 10 10 
30- 20 10 10 
31- 20 15 10 
32- 15 10 20 
33- 10 10 10 
34- 20 20 20 
35- 0 5 10 
36- 20 15 20 
37- 20 20 20 
38- 20 20 15 
39- 10 10 10 
40- 10 10 -10 -
NOTE: A constant of 10 was added to eac~_value to eliminate negative 
valueso 
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